INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is defined as a spectrum of chronic liver disorders caused by irregular accumulation of fat in liver tissue which results in steatosis, inflammation, and in severe cases, cirrhosis. NAFLD is categorized into two main types including simple steatosis (fatty liver) and nonalcoholic steatohepatitis. The former is usually considered as a benign condition, whereas the latter has severe
The current treatment approaches for the management of NAFLD include lifestyle modification, antioxidant therapy, oral antidiabetics, lipid-lowering agents, surgical interventions, and in the end stage of hepatic injury, liver transplantation; however, not all of the mentioned choices provide acceptable result and are not always well tolerated by patients in long-term use. [1] Medicinal plants have been widely used for different indications by people all over the world. Traditional medicine in different countries has provided an attractive source of natural agents for the management of chronic disorders including metabolic syndrome, hyperlipidemia, type 2 diabetes mellitus, and gastrointestinal complications. [5] [6] [7] Pimpinella anisum L., commonly known as anise, is a member of the family Umbelliferae (Apiaceae) and has a long history of medicinal use in traditional Iranian medicine (TIM). P. anisum is carminative and diuretic and has been claimed to be useful for epilepsy and melancholy in TIM which is also confirmed in animal experiments. [8] [9] [10] Fruit volatile oil, the main constituent obtained from the plant, contains trans-anethole as the principle component as well as cis-anethole, estragole, γ-himachalene, eugenol derivatives, carvone, β-caryophyllene, α-cuparene, β-bisabolene, p-anisaldehyde, and other terpenic compounds. [11] On the other hand, flavonoids such as quercetin 3-glucuronide, rutin, luteolin derivatives, isoorientin, apigenin derivatives and isovitexin as well as lignin-carbohydrate protein complexes and phenolic glycosides also exist anise fruit extract. [12] [13] [14] Different extracts and essential oil of anise showed antibacterial and antifungal activity against pathogens such as Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli, and several species of the fungus, Candida. [11] A double-blind, randomized clinical trial demonstrated beneficial effects of anise fruit in the treatment of dyspepsia. It decreased gastrointestinal complications and improved quality of life in patients with functional dyspepsia. [15, 16] In a study by Jamshidzadeh et al., different extracts and essential oil of anise fruit showed hepatoprotective activity in human hepatoma cell line. The preparations also decreased cellular and oxidative damage caused by CCl 4 in liver tissue of Sprague-Dawley rats. [17] Anise fruit also showed antidiabetic and lipid-lowering activity in a clinical trial in type 2 diabetic patients which was, at list in part, explained by its antioxidant activity. [18] Taking into account the above-mentioned information regarding the biological activities of anise fruits in ancient and modern medicine, the current study has been performed to assess possible effect of P. anisum fruit extract as well as essential oil in animal model of NAFLD. For this purpose, biochemical parameters related to NAFLD along with histopathological investigation of liver tissue have been considered as primary outcomes. As oxidative stress has a major role in pathophysiology of NAFLD, the biomarkers associated with oxidative stress have been also determined as secondary outcomes.
MATERIALS AND METHODS

Chemicals
Formalin, hematoxylin, eosin, ethanol, paraffin, chloroform and diethyl ether were bought from Merck Co., (Germany). Kits for the measurement of triacylglycerol (TAG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were obtained from Sigma-Aldrich (Steinheim, Germany). Standard choline-deficient diet (CDD) was supplied from Harlan Teklad (Milano, Italy).
Plant material and extraction
The plant was purchased from market and was authenticated by botanist as P. anisum L. (voucher number: PMP-667). Extraction of the fruits was performed using boiling water, and the collected extract was concentrated by rotary evaporator at 45°C temperature. Essential oil of the fruits was obtained by steam distillation method using Clevenger apparatus. Essential oil was analyzed using an Agilent 6890 gas chromatography (GC) system equipped with a BPX5 column (30 mm × 0.25 mm, film thickness 0.25 µm). The column temperature was programmed from 50°C, being held for 5 min, at a rate of 3°C/min to 240°C, at a rate of 15°C/min to 300°C, and being held for 3 min. The injector temperature was set at 290°C. Helium was used as a carrier gas with a flow rate of 0.8 mL/min. Mass spectroscopy (MS) was Agilent 5973 model mass detector with electron ionization system with ionization energy of 70 eV, and ionization source temperature of 220°C was used. For GC and GC-MS analysis, 1 µL of the essential oil dissolved in hexane was injected by the split mode (1:25) . Electronic integration of the Flame Ionization Detector peak areas was used for determination of quantitative data. MSD Chemstation software (Agilent Technologies) was used for data analysis. Components were identified using their retention times to n-alkanes compared to those of Wiley 275 library and those described by Adams (2004). [19] In vivo investigation Male Wistar rats, aged 8-9 weeks and weighted 250-300 g, were used for this study. The animals were individually kept under standard vivarium condition (temperature of 25 ± 1°C and relative humidity of 45%-55%, 12 h light, and 12 h dark cycle) with free access to food and water for 1 week to become adapted to the animal laboratory condition. The experiment was approved by the animal ethics guidelines of Tehran University of Medical Sciences. NAFLD was induced with a CDD composed of lard (TD 98262) containing 6.5% kcal from protein, 46.7% kcal from carbohydrate, and 46.8% kcal from fat. [20] Rats were randomly divided into ten groups with six animals in each group.
The experiment was performed in two phases. In the first phase (90 days), all experimental groups received CDD for the induction of NAFLD, except one group which received normal pellet diet (sham). At the end of this phase, blood samples, collected from the jugular vein, were analyzed for the confirmation of NAFLD induction.
In the second phase, lasted 30 days, sham group continued treatment with normal diet while CDD-treated animals received the following treatments: CDD along with vehicle (as negative control), simvastatin (10 mg/kg, as positive control), 25 mg/kg anise fruit extract (AE), 50 mg/kg AE, 100 mg/kg AE, 200 mg/kg AE, 0.125 ml/kg anise fruit essential oil (AO), 0.25 ml/kg AO, and 0.5 ml/kg AO. The suggested doses for AO were calculated based on a primary study for the determination of LD50. Animal weight gain was periodically measured. At the end of the second phase, all rats were sacrificed, blood samples were collected in heparinized test tubes, and the sera were obtained after centrifuge (3000 rpm) for 20 min. [20] Serum levels of TC, LDL-C, HDL-C, TAG, AST, and ALT were measured using standard laboratory kits.
Histological investigations
Livers of sacrificed animals were also collected and fixed in buffered formalin (10%). Segments of 5 µm thickness were embedded in paraffin and were stained with hematoxylin and eosin (H and E) for the investigation of histological changes under ×100 magnification (optical microscope, ZEISS GERMANY). [21] Assessment of oxidative damage biomarkers To evaluate biomarkers of oxidative stress, blood samples were obtained using tubes containing EDTA and were centrifuged at 3000 g for 15 min. Plasma was frozen under −80°C temperature to assess the following markers:
Myeloperoxidase
Defrosted plasma was mixed with 50 mM phosphate buffer containing 0.167 mg/ml o-dianisidine hydrochloride and 0.0005% H 2 O 2 . Absorbance of the mixture was measured at 460 nm for 3 min using an ultraviolet-visible spectrophotometer (GBC, Cintra 40). One unit of myeloperoxidase (MPO) activity was equal to the change in absorbance per min at room temperature in the final reaction. [21] Lipid peroxidation Evaluation of lipid peroxidation (LPO) was performed using thiobarbituric acid reactive substances. Trichloroacetic acid (20%) was mixed with defrosted plasma, and the residual was reacted with 0.05 M sulfuric acid (H 2 SO 4 ). 2-thiobarbituric acid was then mixed with the solution, and the mixture was incubated for 30 min in boiling water bath. Extraction of the final solution was performed with n-butanol, and the absorbance was measured at 532 nm (ELISA reader, Biotek, Germany). [22] Total thiol molecule Plasma total thiol molecule (TTM) was measured using the reaction of 5'5'-dithiobis-nitrobenzoic acid with the samples which resulted in a yellow complex. The absorbance was then read at 412 nm. [23] Ferric-reducing ability of plasma Fresh ferric-reducing ability of plasma (FRAP) reagent (25 mL of 0.3 M acetate buffer, 2.5 mL of TPTZ solution, and 2.5 mL of FeCl 3 .6H 2 O solution) was reacted with defrosted plasma, and the absorbance of the obtained blue complex was measured at 593 nm. [22] Statistical analysis All treatment groups were compared using one-way analysis of variances followed by Tukey's post hoc test in SPSS 15 software (SPSS Inc., Chicago, IL). Statistical significance was defined as P < 0.05.
RESULTS
Extraction yield and essential oil composition
The yield of aqueous extract and essential oil extraction was 24.36% and 1.5%, respectively.
The essential oil was mainly composed of oxygenated monoterpene hydrocarbons (95.81%) with trans-anethole as the principle component (89.24%). γ-himachalene (2.89%) with sesquiterpene structure, methyl chavicol (2.72%), and limonene (1.88%) are other main components of the essential oil [ Table 1 ].
Effect of anise fruit on weight gain, hepatic enzymes, and lipid profile Animals received CDD showed significantly higher weight gain in comparison to normal diet group (P = 0.001). As it is shown in Table 2 , anise fruit extract and essential oil with all evaluated doses were able to significantly decrease weight gain compared with vehicle-treated group (P < 0.05).
Lipid profile was significantly altered in animals fed with CDD [ Table 3 ]. TC, LDL-C, and TAG were increased and HDL-C was decreased due to NAFLD induced by CDD (P = 0.001). Treatment with AE and AO could reverse the alterations in lipid profile of rats in a dose-dependent manner. All doses of tested materials were significantly effective toward the reduction of TC, LDL-C, and TAG (P < 0.05). Highest doses of AE (200 mg/kg/day) and AO (0.5 ml/kg/day) showed the best lipid-lowering activity [ Table 3 , P = 0.001]. The same effect was observed regarding HDL-C level. All doses of the extract and essential oil could significantly improve serum HDL-C level compared with vehicle-treated group (P < 0.05). It is worthy to mention that 200 mg/kg/day of the extract could modify lipid profile parameters (except for TC) to the level of normal diet-treated group [ Table 3 ].
The levels of hepatic enzymes AST and ALT were significantly elevated as a result of CDD-induced NAFLD [ Figure 1 ]. AE and AO with all doses were able to significantly reverse this increase (P < 0.05). The dose of 200 mg/kg/day AE as well as simvastatin showed the best effect by decreasing the levels of these enzymes to the same level of normal diet group [ Figure 1 , P = 0.001].
Histological investigations
Histological evaluations were performed using H and E staining method [ Figure 2 ]. Normal diet rats showed normal liver histology. In vehicle-treated group, severe vacuolar degeneration and hepatocyte swelling were observed which confirmed the induction of NAFLD. Treatment with 200 mg/kg/day of AE and 0.5 ml/kg/day of AO as well as simvastatin could remarkably decrease macrovesicular steatohepatitis in tissue sections of animals. Other doses of AE and AO showed the positive effect to a lesser extent.
Effect of anise fruit on oxidative damage biomarkers
Both AE and AO were effective to modulate biomarkers of oxidative damage including FRAP, LPO, TTM, and MPO. In FRAP, LPO, and TTM test, all doses of fruit extract and essential oil were able to produce a significant difference in comparison to vehicle-treated group [ Figure 1 , P = 0.001]. In MPO test, all doses of AE as well as 0.5 ml/kg dose of AO reduced MPO level; however, lower doses of AO were not able to make any significant change [ Figure 1 , P = 0.998 for 0.125 mg/kg and P = 0.101 for 0.25 mg/kg].
DISCUSSION
NAFLD is one of the most common liver disorders with an increasing prevalence in developed countries due to unhealthy high-fat and high-carbohydrate diets. [2] Treatment approaches for the management of NAFLD are lifestyle modification, antioxidants, oral hypoglycemic agents, antihyperlipidemics, and surgical interventions in severe cases, which enforce high costs to patients as well as health-care system.
[1] Thus, scientists are seeking new ways with higher efficacy and lower cost as well as better patient's compliance to treat NAFLD.
P. anisum has a long history of medicinal use in traditional and folkloric medicine of Iran. [11] The present study demonstrated the effectiveness of AE and AO in animal model of NAFLD induced by CDD. CDD causes less production of very LDL-C which results in TAG accumulation in liver tissue and provides a suitable model for the assessment of drugs in NAFLD. [19] In our study, both AE and AO showed positive effects toward the reduction of weight gain compared with vehicle-treated group. The effect was in a dose-dependent manner so that 200 mg/kg/day of AE and 0.5 ml/kg/day of AO were the most effective treatments. All treatment groups represented reduced serum levels of TC, LDL-C, and TAG and increased HDL-C level. As one of the treatment approaches for NAFLD are antihyperlipidemic agents, it could be concluded that AE and AO can protect fat accumulation in liver tissue through modulation of lipid profile. Administration of anise fruit to patients with type 2 diabetes mellitus decreased fasting blood glucose, serum cholesterol, and TAG. Protein oxidation in serum and LPO in erythrocytes and plasma was also decreased. A significant rise in serum β-carotene, Vitamin A, and Vitamin C levels was also reported. [24, 25] β-carotene was associated with histological amelioration as well as decrease in hepatic enzymes and improvement of lipid profile in rats with NAFLD. [26] Cao et al. demonstrated lower risk for developing NAFLD among Chinese adults with higher serum carotenoids. [27] Retinoic acid, an active metabolite of Vitamin D, was showed to be lower in subjects with NAFLD compared to healthy controls. [28] A growing body of evidence suggests that oxidative stress has a key role in several chronic conditions, including metabolic disorders. [29] Considering antioxidant therapy as one of the current treatments for NAFLD, it could be concluded that free radicals are involved in the pathogenesis of fatty liver disease. In the present study, measurement of serum levels of oxidative damage biomarkers including FRAP, LPO, TTM, and MPO demonstrated that anise fruit extract as well as essential oil could improve antioxidant defense mechanisms. As a result, anise fruit is not only useful due to its ability to modify lipid profile but also represents observable in vivo antioxidant activity, thus has a dual action against the disease progression.
Histopathological investigations also confirmed less vacuolar degeneration and macrovesicular steatohepatitis in the tissue sections of animals treated with high doses of AE and AO. Hepatic enzymes including AST and ALT were increased in animals fed with CDD. Treatment with AE and AO as well as gold standard drug, simvastatin, significantly reversed this increase in comparison to vehicle-treated group. Jamshidzadeh et al. demonstrated that different extracts and essential oil of anise fruits have hepatoprotective activity both in vitro and in vivo. Anise fruit decreased CCl 4 -induced hepatotoxicity in Sprague-Dawley rats as well as hepatoma cell line. [17] The main chemical compounds of essential oil were trans-anethole (89.24%), γ-himachalene (2.89%), and methyl chavicol (2.72%). Samojlik et al. showed the major constituents of anise essential oil were trans-anethole (87.96%) followed by γ-himachalene (3.17%), cis-isoeugenol (2.21%), and linalool (1.78%). [30] In another study on chemical composition of essential oil, anethole accounted for 88.1% of identified constituents, followed by pseudo-iso-eugenyl-2-methyl butyrate (4.15%), and γ-himachalene (4.15%). [31] Trans-anethole showed hepatoprotective activities in hepatic ischemia/reperfusion injury in mice with reduction of serum ALT, tumor necrosis factor-α, and interleukin 6 levels. Increased in nuclear translocation of interferon regulatory factor-1 (IRF-1), release of high-mobility group box-1 into the extracellular milieu, and the interactions between IRF-1 and histone acetyltransferase p300 after ischemia/reperfusion were attenuated by trans-anethole. Moreover, trans-anethole suppressed increases in toll-like receptor-4.
[32]
CONCLUSION
Using the animal model of CDD-induced fatty liver disease, the present study confirmed the traditional use of P. anisum extract and essential oil in NAFLD. This effect was demonstrated by the measurement of weight gain, lipid profile parameters, hepatic enzymes, and histopathological assessments of liver tissue. Further mechanistic studies as well as clinical trials are mandatory to prove the efficacy of the plant extract and essential oil as a treatment for NAFLD in human subjects.
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